Summary.-The ribonucleic acids of isolated thymus nuclei can be separated into two distinct fractions, one of which probably represents ribonucleic acid of the nucleolus. Studies of the incorporation of orotic acid-6-C"4 and adenosine-8-C'4 into these RNA fractions in vitro show great differences in their metabolic activity and different susceptibilities to an inhibitor of RNA synthesis, the "nucleolar" RNA being by far the more active.
Along the biosynthetic pathway to the purines of nucleic acids, inosinic acid occurs as a pivotal point in a bifurcation which leads to adenylic acid along one branch and to guanylic acid along the other: (B) rAdenylic acid (AMP) (A) Inosinic acid (IMP) (C) L| *
_ Guanylic acid (GMP)
Bacterial mutations may result in genetic impairments at three locations with respect to the pivotal inosinic acid, thus yielding auxotrophs with three broad classes of nutritional response. A mutant which has lost the ability to synthesize inosinic acid de novo (block at A) can satisfy its growth requirements with various forms of hypoxanthine or, through interconversions, guanine or adenine. Such a mutant will be nondiscriminating in its choice of purines for growth and may accumulate various types of incomplete purines such as aminoimidazoles. When a block occurs after inosinic acid, specific requirements for adenine (block at B) or for guanine (block at C) will be manifested. The mutants to be considered here all belong to group B. Only adenine or its ribose derivatives will support their growth. The details of path B, the amination of inosinic acid to form adenylic acid, have been provided by Carter and Cohen' and by Lieberman.2 Inosinic acid first combines with aspartic acid to form an intermediate, adenylosuccinic acid (AMP-S), which is then deacylated by a second enzyme to yield adenylic acid. Thus a specific growth requirement for adenine may occur if either of the two enzymes is lost by mutation. The culture fluids of thirteen mutants of Escherichia coli and Salmonella typhimurium were examined for accumulations. Two of these accumulate a form of hypoxanthine, indicating a deficiency in the reaction which adds aspartic acid to inosinic acid. Ten of the thirteen accumulate a compound with a high absorption in the ultraviolet (maximum at 267 mA), which at first was thought to be AMP-S but was subsequently identified as an aminoimidazole compound different from any of the aminoimidazole intermediates known to be accumulated by the nondiscriminating mutants of group A. Here, then, is an anomalous situation of a mutant which, because of its specific requirement for adenine, is apparently blocked at B, yet accumulates a type of compound which would be expected of mutants blocked at A. The paradox was clarified with the identification of the accumulated material as the ribotide of 5-amino-4-imidazole-N-succinylocarboxamide (S-AICAR), an aminoimidazole which has been implicated as an intermediate in the biosynthesis of inosinic acid.3 S-AICAR, like AMP-S, represents an intermediate in an amination reaction formed by combination with aspartic acid. It serves as a means of introducing the amide nitrogen to 5-amino-4-imidazolecarboxamide ribotide (AICAR), eventually to become the N1 of the purine ring. Deacylation of S-AICAR yields AICAR, the immediate precursor of inosinic acid. These reactions and their similarities to the formation and conversion of AMP-S are depicted in Figure 1 . If the deacylation of both S-AICAR and AMP-S were under the control of a common enzyme, then the loss of this enzyme by mutation would create a block in the de novo synthesis of inosinic acid (path A) with the accumulation of S-AICAR and an additional block along branch B causing a specific deficiency in the formation of adenylic acid. The evidence to be presented indicates that this is indeed the case. The findings have been described in a preliminary note, and similar conclusions have been obtained independently in other systems. Aeration is required for optimal formation, and aspartic acid, glycine, and threonine stimulate production. Detection of S-AICAR.7-The accumulation of S-AICAR was first detected as a substance with a maximal absorption at 267 mu. Subsequent assay was made by a modification of the Bratton-Marshall8 test for diazotizable amines. This modification is based on a precise timing in the addition of the reagents and also serves to indicate that the accumulated amine is different from any of the known aminoimidazoles accumulated by other purine-requiring mutants and indeed is identical with S-AICAR. The test ordinarily calls for an interval of 5 minutes between the acidic diazotization with sodium nitrite, the removal of excess nitrite with ammonium sulfamate, and the eventual coupling with N-1-naphthylenediamine dihydrochloride to produce a stable pigment. With most arylamines, such as AICA, the timing is not critical, since the diazonium complex is stable and can produce color with the coupling reagent even after a considerable delay. S-AICAR, however, apparently forms an unstable diazonium complex which rapidly decays at room temperature, so that color can be demonstrated only with rapid 828 PROC. N. A. S. V ,GENETICS: GOTS AND GOLLUB coupling. No color is obtained with the usual delay of 5 minutes. The kinetics of coupling efficiency is that of a typical first-order decay reaction with a halflife of 36 seconds. The first indication that the accumulated amine and S-AICAR were indeed identical was based on their identical rates of loss of coupling efficiency. This is depicted in Figure 2 .
For assay purposes, the Bratton-Marshall test was standardized as follows: A sample of 2 ml., or an aliquot diluted to 2 ml., is acidified with 2 ml. of trichloroacetic acid ( With the Pauly test for imidazoles, as described by Koessler and Hanke,9 the accumulated amine and S-AICAR give a fading purplish-blue color which is characteristic of aminoimidazoles. The ribose content, determined by the orcinol method VOL. 43, 19577 829 GENETICS: GOTS AND GOLLUB as described by Drury,'0 served as another method for assay. With a variety of manipulations and fractionations, it was impossible to separate the amine from the pentose which parallels its accumulation in equimolar amounts.
Isolation and Identification.-Washed suspensions of strain B97 were prepared by harvesting a culture grown overnight in 1.5 liters of a tryptone-yeast extractglucose broth. The washed cells were inoculated to a concentration of 0.5 mg. of cells (dry weight) per milliliter in 1 liter of a salts-glucose medium6 containing glucose (0.4 per cent) and ammonium chloride (0.1 per cent); Incubation was carried out with aeration, and when maximum production was obtained (3 hours), the bacteria were removed by centrifugation, and the supernatant fluid was passed over a small charcoal (Darco 20 X 40 mesh) column. After copiously washing the column with water, the amine was eluted with 50 per cent ethanol containing 20 per cent NH40H. The amine appeared in a visibly yellow fraction which came through soon after the first appearance of alkalinity. About 50 per cent of the total amine was recovered from the charcoal. The combined eluates of about 50 ml. which contained the amine were concentrated to about 3 ml. From this, most of the amine could be precipitated by adding several volumes of ethanol and allowing to remain overnight in the cold. Additional purification was obtained by dissolving the amine in warm alcohol and precipitating with ether. By these procedures, several batches of a light tan powder were obtained which ranged in purity (based on ribose content) from 50 to 80 per cent and gave organic phosphateto-ribose ratios of 0.75 to 1.3.
The identity of the amine was further confirmed by comparing it with authentic S-AICAR. In addition to the colorimetric reactions described above, complete agreement was also obtained with respect to ultraviolet spectrophotometric constants (see Table 1 ) and ascending paper chromatography (Table 2 ). Both compounds are rapidly converted to AICAR when incubated with yeast or E. coli extracts. Acid hydrolysis with 1.0 N HCl for 30 minutes produces aspartic acid. As shown in Table 2 , chromatography with three out of the four solvents revealed another compound whose Rf values differed from those of S-AICAR. This compound is undoubtedly the corresponding riboside of S-AICAR. It was found 830 PROc. N. A. S.
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primarily in those preparations with phosphate-to-ribose ratios which were significantly less than 1.0. Examination of eluates from the paper showed that it resembled S-AICAR with respect to ultraviolet spectra and pigment formation with the Bratton-Marshall reagents. The same unstable diazonium complex was evident. It differed from S-AICAR in that it was not altered by incubation with the yeast or bacterial extracts, and it contained no organic phosphate, though ribose and amine were present in equimolar amounts. Further isolations and analysis of the riboside were accomplished with strain B94, which was found to accumulate the riboside in concentrations 2-3 times greater than the ribotide. Enzymatic Activities.-Cell-free extracts were prepared from a culture grown in 1 liter of salts-glucose medium containing adenine (30 jig/ml). After 18-24 hours of incubation with vigorous aeration, the bacteria were harvested by centrifugation, washed twice with saline, resuspended in phosphate buffer to 18 ml., and disrupted by sonic vibration in a Raytheon 9-kc. oscillator. The preparation was cleared of debris by centrifuging for 1 hour at 10,000 X g. The opalescent supernates so obtained were used for determining enzymatic activities aand contained 7-10 mg. of protein per milliliter.
The conditions for determining adenylosuccinase activity were essentially the same as those described by Carter and Cohen.' After incubation of the extracts with adenylosuccinic acid (AMP-S),"1 the reaction products were determined by paper chromatography. The results of a typical experiment are presented diagrammatically in Figure 3 . Ultraviolet-absorption analyses carried out with eluates of the spots confirmed their identities. Adenylosuccinase activity is readily demonstrated in the extract of the wild-type strain B, as evidenced by the pronounced decrease in AMP-S and the appearance of an ultraviolet-absorbing spot at Rf 0.56 which corresponds with adenosine-5'-phosphate (AMP). In addition to AMP, a faint, but distinct, ultraviolet-absorbing spot was also detectable at Rf 0.44. On the basis of its location and the spectrophotometric constants of its eluate, this has been identified as adenine, a logical degradation product of AMP. In contradistinction to these results, extracts of the auxotrophic strain B97 contain no demonstrable adenylosuccinase activity. This enzymatic deficiency would explain the specific growth requirements exhibited by strain B97.
Enzymatic splitting of S-ATCAR was determined by measuring the formation of AICAR after incubation with the extracts. This could be measured by the Discussion.-The results of these experiments offer strong indication that strain B97 differs from its wild-type progenitor by a deficiency in a common deacylase activity for both AMP-S and S-AICAR.
On the basis of the one-gene, one-enzyme hypothesis, it is assumed that this is due to the loss of a single enzyme. Thus the loss of this enzyme by a single mutational event results in the loss of two sequential reactions in the biosynthesis of adenylic acid. The double block so created prevents both the formation of inosinic acid and its conversion to adenylic acid via adenylosuccinic acid. The phenotypic consequence is an auxotrophic mutant with a specific growth requirement for adenine, which accumulates an aminoimidazole precursor, viz., S-AICAR. The existence of a multifunctional enzyme is not in itself unusual, but it is unique that the reactions controlled by the same enzyme may be found at different levels in the same biosynthetic chain.
Conclusions similar to those presented here have been drawn from independent 82 PROC. N. A. S.
studies with adenine-requiring mutants of Neurospora.' With these mutants, however, the accumulation of S-AICAR was not demonstrated; instead, various derivatives of AMP-S were found in the culture fluids.'2 This finding is disturbing, since the block at the S-AICAR level should not have allowed the formation of AMP-S. It is possible, however, that the adenine supplied for the growth of the Neurospora mutant may have been in sufficient excess to exert a feedback inhibition of S-AICAR formation and, at the same time, to serve as a source of AMP-S via direct deamination to hypoxanthine. This complication would not enter into our studies, since they were performed with resting-cell suspensions in the absence of adenine. With the addition of hypoxanthine to these systems, we did find that S-AICAR formation was partially depressed, and the accumulation of the aglycone form of AMP-S, 6-aspartyl purine, was indeed detected. With a block before inosinic acid, the de novo synthesis of guanylic acid would not be expected. Since exogenous guanine is not required for growth, the nucleic acid guanine is apparently derived from the supplied adenine. Isotopic evidence for the conversion of adenine to guanine with lack of de novo synthesis of both purines has been obtained with the Salmonella mutant, strain ad-12.13 Since adenylosuccinase activity is also absent, a mechanism must exist by which adenine can be converted to guanine without involving, through reverse action, the normal biosynthetic reactions. This conversion of adenine to guanine may or may not require hypoxanthine as an intermediate, but, if it does, the hypoxanthine could well be supplied via a direct deamination of adenine. Escherichia coli strain B is known to contain an active adenine deaminase. '4 Summary.-Some adenine-requiring mutants of E. coli and S. typhimurium accumulate an early biosynthetic precursor which has been identified as the ribotide of 5-amino-4-imidazole-N-succinylocarboxamide (S-AICAR). The riboside was also found. The accumulation is due to a mutational loss of a deacylating enzyme which splits S-AICAR to yield the ribotide of 5-amino4-imidazolecarboxamide (AICAR). Loss of this activity is accompanied by a loss of the ability to deacylate adenylosuccinic acid (AMP-S) to yield adenylic acid (AMP) and hence the occurrence of a specific growth requirement for adenine. Thus the mutational loss of this apparent bifunctional deacylase creates a double block along a common biosynthetic pathway to nucleic acid adenine. The boundary between crystalline rocks to the southeast, and largely nonmetamorphic rocks to the northwest, of the Blue Ridge has been variously interpreted as a major dislocation zone, a series of abrupt flexures,' or a normal sequence in asymmetrical folds.2-5 The northern half of the zone shows no important thrusts, few reverse faults, but mostly folded normal sequences. As one proceeds southward, especially south of the James River, reverse faults are numerous and thrusting becomes prevalent. The boundary between "basement" and sedimentary cover is not only an important surface of demarcation between rocks of different types and ages, probably a major break in the geologic history, but also an outstanding structural zone with distinct structures which are limited to it. Figure 1 is a map of the area between Harrisburg, Pennsylvania, and Asheville, North Carolina, showing, much generalized, the boundary between the crystallines to the southeast and the Paleozoic folds to the northwest.6 A distinct lineation7 occurs along this boundary, predominantly in the older rocks, but in northern Virginia, Maryland, and Pennsylvania, the Paleozoics up to the Beekmantown2' 8 are also lineated. The lineation is contained in a regional cleavage. The measurements shown in Figure 1 reflect thousands of field observations, especially in the northern half of the map area. The southern half has been covered by recon naissance only, but additional field work is in progress.
Figure 1 (inset) also shows the Moine Thrust zone in Scotland at the same scale for comparison. Some lineation measurements have been added from various sources9-14 to show the similarity of the pattern. The Blue Ridge zone is at least three times as long as the Moine Thrust zone. To the northeast it does not continue beyond the Susquehanna River, but it may extend beyond Asheville to the southwest. The Moine Thrust has received a great deal of attention in the literature, but the Blue Ridge comparatively very little. It is the purpose of this paper to call attention to this extraordinary structure, especially since it is well suited to test, in this particular area, some of the current concepts on lineation and deformation.
Lineation.-Lineations occur in two prominent directions: normal to and parallel with the structural trend of the Blue Ridge zone. Figure 1 emphasizes the regulrity of the southeast trend, but the two directions occur side by side at many localities. Lineations which parallel the structural trend are fold axes (mostly in Paleozoic formations), intersections of cleavage and bedding, crenulations, and now
